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SECTION I

INTRODUCTION

A. OBJECTIVE

Space Shuttle launches deposit massive quantities of hydrogen chloride
(HC!) into the environment (Reference 1). At present, the short- and long-
term environmental impacts of the HCl releases are not well characterized,
and quantitative monitoring of the transport of the HCl into the arcas
surrounding the launch site is desirable. Previous models and measuremcnts
demonstrated that the amount of HCl deposited on the ground depends on the
local meteorological conditions, temperature, humidity, windspeed and
direction (References 1-11). Furthermore, the HCl can be found in both the
vapor and aerosol (hydrochloric acid droplets) forms. The relative
partitioning between the vapor and aerosol forms depends on a variety of
tfactors, such as, the HCl and water vapor partial pressures, temperature,
and the concentration and composition of the aerosol nucleation sites.
Since the concentrations of the HCl in the vapor and aerosol forms may be

quite different., it is necessary to monitor both.

B. BACKGROUND

Several HCl1 monitors have been previously developed (References
12-16); however, none are capable of monitoring both the vaper and aerosol
HCl content in real-~time. Spectral Sciences, Inc. (SSI) has developed a
combined HCl vapor-aerosol! monitor under Phase II SBIR (Small Business
Innovative Research program) funding trom the Air TForce UEGngineering
Services Center (AFESC), Tyndall AFB, Florida. 7The basic operation of the
SSI/AFESC HCl monitor is depicted in Figure 1, and a summary ot its key
operational specifications is given in Table I. The instrument consists of
four major components: (1) an air-sampling, optical measurcment unit, ()
a power supply and analog signal output unit, (3) an analog-to-digital

(a/d) converter and timing pulse unit, and (4) a personal computer (PC).




SOLID PROPELLANT ROCKET EXHAUST
{HC 1 VAPOR AND AEROSOLS )
AEROSOL DPTICS AND
EVAPORATOR DETECTION
ELECTRONICS
S
POVER SUPPLIES
ANALOG OUTPUT
PC DATA ACQUISITION 1000 fr.
AND ANALY%IS SIGNAL CABLE T
TIMING PULSE
A/D CONVERSION

Fipure 1. Schematic of the Operation of the SSI/AFESC HC1l Monitor.

TABLE 1. SPECIFICATIONS FOR THE SSI/AFESC HC1 MONITOR. }
Minimum Detectable HCl Conc. 100 ppb ‘
Dynumic Range 0.1 - 103 pPpm l
Absorption Path Length 7 m {variable from 4-10 m)
petector PbSe (cooled to -20 C)

Sample Averaging Time 30 s (variable from 0.1-10%s)

Sample Cell Refilling Time 30 s

Electrical Requirements(a) 250 W/120 V AC !
J

(a) This does not includc the PC.




An air =iaple 1is drawn throupgh the aerosol evaporator woich vaporizes the
aerosols and releases the dissolved HC1 into the gas phasce. By turning the
acrosol heiater on and oft one can determine both the total HCLl (acrosol annd
vapor) and the vapor phase HCL. The HC1 concentration measurement  1s
performed with a special 1nfrared light source. Data dcquisitron !
analysis are controlled by a remotely locatea PC. A 1000 foot signal cable
allows the PC to be located in a bunker or controi room and cnables rear-

time monitoring of the concentration measurement.

C. APPROACH

The device is pased on measuring the infrareda absorption ot gas-nhase
HC1 tn the 3.4 um waveienpth region.  The measurenment approacih arfters teor
other infrarea agevices (Rererences 14-16) 1n that 1t uatlirizes 3 novie
ntrared L1t source. in essence, the source consists o! #HCl 1n g heatean
cert wnien emits the characterisiic HC! line spectrum. The  privery
gdviantage o! using a light source spectlrally matchea to the Losorntion
spectrum  ts  one  of spectles sejectivity. This enavles quantrtat:ve
measurement ol very small specles concentrations in  the prescice ot
strongly absorbing species whose absorntion line positions arce spectratly
uncorreiatcea with the source line emission.

The basic measurcment technique is summarized in Figure 2. Thee HUL
lamp emission consists of high-intensity, narrow HCL  emission tines
superimposcd on a low-i1ntensity continuum. The continuum emission 1s aue
to the quartz cell contining the hot HCl pas. Typicaily, tor the HCL ifamns
nroduced to date, the total (1nteprated over wavelenpgth) HCL line emission
1s approximately equal to the total continuum emission.  For a conventionat
Intrared source, suchh as a continuous black body emitter (heatea wire), the
total emitted cnerpy within the spectral width of the HCL lines is only
arounda 1 percent of the total black body continuum. This means that the
use of the HCl lamp reduces the nterference of uncorrelated absorbers by
approxrmately two order< of magnitude.

The HCI monitor uses a single pathlength, ¢as correlation, snectral!
{riter:npg scheme. The tamp emission is passed through o friter wheel

contarntng seall quartz cerdls which either contarn an HCl/snitrogen emeoxture




(designated HCl absorbing) or just nitrogen (designated nonabsorbing). The
HCl concentration in the absorbing filter is adjusted to absorb out the HCI
line emission. The dittference between the total integrated signals for the
two filters is equal to the total HCl source line emission. This quantity
1s determined whent no HCL is present in the sample absorption path (White
Cetl) and is stored in the PC as the “zero" calibration constant. When HCI
1s introduced into the sample absorption path the diffterence signal for the
two flilters 1is reduced. The difference signal can be quantitatively
rejated to the HCl concentra.ion in the sample path.

The use of & correlated 1light source in conjunction with gas
correlation filtering is a significant improvement over the use of a
continuum black-body source with gas correlation filtering. It further

i

reduces, by about two orders of magnitude, the sensitivity of the
measurement to uncorrelated absorbers. For example, with conventional gas
correlation detection it would be difficult to detect 1 ppm HCl in the
presence of 100 ppm CH, which also absorbs strongly in the same spectral

region as HCL. However, by using the correlated light source it would be

FILTER CELL  TRANSMITTED _WHITE CELL DETECTED
TRANSMISS1ON HCI LAMP ~  TRANSMISSTON SIGNA

HC 1
ABSORB ING u V__
HCI LAMP
EMISSION M —> l —> —_
—_—
NON - { — r_v._v__
WAVELENGTH ABSORBING
- k__ — —_—

DIFFERENCE

IFFERENC
(CALIBRAT]ON ZERO) P ENAL c

[T

Figure 2. Schematic of Basic Measurement Approach.




possible to detect 1 ppm HClL in the presence of up to 10,000 ppm CH,.
Another aavantape relates to the required accuracy and long-term stability
ot the zero absorption calibration point. For conventional gas correliation
actection the zero calibration must be both accurate and stab.e to better
than 0.01 percent of the absolute signai level to measure an  HCI
concentration of 1 ppm. However, by using the correlated lignt source the
accuracy and stability of the calibration nced be only good to better than
1 percent in order to detect 1 ppm of HCI.

The next section presents an overview of the instrument subsystems and
the calibration approach. More detailed discussions on the actual
operation and servicing of the HC1 monitor are given in the appendices:
Appendix A - Instrument Performance Model; Appendix B - HCL Monitor
Software; Appendix C - Optical Train; and Appenaix ) - Electronic Desipn

tor the HCL Monitor.




SECTION II

INSTRUMENT DESCRIPTION
A. OPTICAL LAYOUT

The optical layout of the HC]l monitor is shown in Figure 3. Light
from the HCl lamp is collected by a calcium fluoride lens (25 mm diameter,
50 mm focal 1length) which focuses the light onto the filter wheel. A
second calcium fluoride lens (25 mm diameter, 38 mm focal length) refocuses
the light at the entrance aperture to the White Cell (Reference 17). The
White Cell mirrors have a focal length of 25 cm, and the effective light
tollecting diameter of the rear mirrors is 50 cm. The White Cell mirrors
were machined out of aluminum blanks which were plated with nickel before
polishing and overcoated with gold. The number of passes in the White Cell
is adjusted to 28 for a total pathlength of 7 meters. A third calcium
tluoride lens (25 mm diameter, 38 mm focal length) refocuses the output of
the White Cell onto a thermoelectrically cooled (two-stage) PbSe detector
(3mm x 3mm square). A band-pass filter is placed in front of the detector

to isolate the most strongly absorbing lines of HCl. The temperature of

MIRROR /-.—__g

LENS HCl LAMP
FILTER WHEEL
294 1Y
FILTER__/ Rg?gRgggrE CELL
CELL
/i/ . FRONT WHITE
BANDPASS 7/ O CELL MIRROR
FILTER

DETECTOR

Figure 3. Schematic of HCl Monitor Optical Layout.




the detector 1s controlled actively, using a feedback circuit. This
circuit uses a thermister built into the detector package to sense the
detector temperature and sends a correction current to the thermoclectric
cooler, which is proportional to the difference ot the actual and presect
detector temperatures.

An airtight enclosure is placed over the White Cell (see Figure 4)
which allows the air to be drawn through the aerosol evaporstor and into
the sample absorption path. The sampling pump has a maximum throughput of
94 cc/s and a power requirement of 15 watts. Given the enclosure volume of
2400 cc, it takes about 26 seconds to replenish the sample absorption
volume. The replenishing time constant is the tundamental limit to thec
time response of the HCl monitor to fast changes in the HCl concentration.
If a faster response is desired, a higher throughput pump can be used. It
one 1s only interested in the vapor phase HCl, then the White Cell
enclosure can be removed and the limiting time response is the time it

takes the chopper wheel to make a single revolution (about 0.05 seconds).

Ty

%

Figure 4. Picture of Optical Components With (Right) and Without
(Left) Sample Absorption Path Cover and Aerosol
Evaporator.




B. HC1 LAMP

A schematic of the HCL light source s shown 1n Figure 5. A quarte
tuabe (5.0 c¢m long by 1.8 c¢m dlameter) is filled with an HCl/nitrogen
mixture. The front winaow of the emission cell iIs an extremely thin quarte
buvbie (approximately 0.1 mm thick) deveioped by G. Finkenbeiner (Retference
18). Because of its thinness this window is very transmissive (see Figure
6) and has a very small emissivity. The thickness of the rear wingow, 1.5
mm thick quuartz tlat, Is not critical becausc this part of the cell is not
heated. A singlce layer of insulating material (ceramic fiber paper) is
used to separate the cell from the heating wire (26 gauge nichrome). The
purposc of this is to more uniformly distribute the heat &and background
infrareda cemission ftrom the locally hotter and brighter nichrome wire.
About 12 primary nichrome wire "fingers" are spaced uniformly around the
cetll. These are covered by a layer of insulation and an additional six
seconaary nichrome “fingers” are uscd to compensate for radiative and
convective losses @t the front of the cell. This is important because 1t
prevents the HCL line emission from becoming sclf-absorbed by the cooler
s neiar the front window, thus, reducing the sensitivity of the system to
smaill concentrations of HCL in the sample absorption path. The cell 1is
then wrapped with zgdditional insulation to approximately 7 cm diameter.
Tne insulation is baked to drive oulL all organic binders which increases
1ts lnsutating properties.

A thermocoupie 1s piaced close to the nichrome windings and is used to
malntain the cell at constant temperature over a long time. The nominal
aperating terperature of the lamp 1s approximately 1000 K, although the
exdact temperature is not too important as long as it remains constant. The
tamp consumes about 12 watts at steady state.

The lamp emission spectrum was measured with a 1/2 meter monochromator
anag  is compured in Figure 7 to model predictions based on the known
spectroscopic ana radiative transport properties of HCl (References 17-22).
From an anualysis ol the lamp emission spectrum it was determined that the

etrfective emissivity ot the quartz was 0.02 and that the integrated




rolecular line and continnum emissions over the measurcment band pass were
nearly equat. - 'The measurement band pass, chosen to selcect the lamp
emission lines which are most strongly absorbed by the much colder

atmospheric HCLl, is shown in Figure 8.

INSULATION
- ALUMINUM
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HEATING FINGERS V) [ \——%ar
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NICHROME HEATING
FINGERS

Figure 5. Schematic of the HCI Emission Lamp.
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C. FILTER WHEEL

The filter wheel and its drive system are shown in Figure 9. It
contains four quartz cells (25 mm diameter, 8 mm thick) of which two are
tilled with dry air and two are filled with an HCl/nitrogen mixture. The
concentration of HCl in the filter cell is adjusted so that most of the HCL
line emission from the lamp is attenuated. Predictions of the attenuation
of the lamp emission tor several HCl concentrations in the filter cell ure
displayed in Figure 10. The current version of the prototype HCl monitor
uses an HCl mole fraction of 0.11. The two kinds of cells are arrangea so
that like cells dare 180 degrees opposed. It is not necessary to use a
reterence pulse to distinguish among the cells or to indicate the overall
phase of revolution ot the wheel. This 1is accomplished by the PC signal
processing software which recognizes that the signal alternates between
just two different maxima with the largest maximum always corresponding to
the pure nitrogen filter cell (largest transmission). The filter wheel
rotates at 20 revolutions a second; this ratc is held constant by 4 control
circuit. This circuit uses a detection output to sense the rotation rate
and provides a correction voltage to the motor which is proportional to the

aifference of the actual and preset rotation rates.

FILTER WHEEL

GEAR BELT

Figgure 9. Schematic of Filter Wheel.
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D. SAMPLE CELL TRANSMISSION

The attenuation of the HC1 lamp for various concentrations of HC1l in
the sample cell was experimentally determined using the 1/2 m monochromator
at high spectral resolution so that the lines of the individual chlorine
isotopes (H35Cl and H37Cl) were resolved. This is shown in Figure 11 for
one ot the absorption liﬁes within the measurement band pass. A 1 cm path
length absorption cell was used for these spectral scans. The equivalent
concentration for the 7 meter pathlength of the actual instrument is equal
to 1/700'th ot the concentration in the 1 cm cell. Model predictions, also
shown in Fipgure 11, are in good agreement with the experimental
measurements and confirm that even small concentrations of HCl in the
sample puth can appreciably attenuate the lamp output. About a 1 percent
reduction in source intensity occurs for every ppm of HCl in the absorption

! .
path. This can be compared to instruments based on a ccntinuum infrared

12




source, such as the Lawrence Livermore laboratory instrument (Reference

16), where there is approximately a 0.04 percent reduction in
intensity for every ppm of HCl in the absorption path (this assumes a 7-

source

meter total path).
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Figure 11. Comparison of Observed and Predicted Attenuation of A
Isotopic HCl Emission Lines. Lamp

Single Pair of
Conditions: Temperature (1100 K), Total Pressure 1.01

atm), Pathlength (4.5 cm), HCl! Mole Fraction (0.1),
Quartz Emissivity {(0.02). Equivalent White Cell
Conditions:Temperature (295 K), Pressure (0.92 atm), Path
Length (7 m), and HCl Concentration (32.9 ppm).
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E. AEROSOL EVAPORATOR

The aerosol evaporator is displayed in Pigure 12. Air 1is drawn
throuph the resistively heated porous carbon plug (2.54 c¢cm o.d, 1.91 cm
i.d.). The number of times an aerosol particle encounters the internal
surtaces ot the carbon plug as it passes through the matrix is determined
by the thickness and porosity of the carbon. The total power dissipated by
the heater is about 22 watts (4.7 volts through 1.0 ohm).

The steady-state temperature of the gas exiting the heater is 118YC.
This temperature is attained in less than 10 scconds after switching on the
room temperature evaporator. However, there is a long decay time down to
room temperature after the evaporator is switched off. It decays to 54°C
in 20 scconds and takes an additional 6 minutes to decay to within 5°C of
room temperature. This long decay time is due to the solid carbon base,
the metal end caps and the stainless tubing which get quite hot when the
evaporator is on and cool slowly by transferring heat to the incoming air

after the evaporator is switched off.

CAP poROUS CARBON

PLUG

\
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T
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Figure 12. Schematic of the Aerosol Evaporator.
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F. DATA ACQUISITION AND SIGNAL PROCESSING

The PbSe detector is operated in a standard ac coupled photo-
conductive mode. The detector signal is amplified and buffered to provide
a low-impedance signal output, which is proportional to the incident light
intensity. To tacilitate transmission of the ac signal through the
1000-tfoot shielded coaxial cable, a 6-volt dc pedestal is added to the
detector output. The transmitted signal is again ac coupled to remove the
6-volt bias and the resulting analogf signal is shown in Figurc 13. A
sequence of timing pulses is generated to trigger the a/d converter. The
timing pulses are generated using a circuit which outputs a pair of voltage
spikes by ditferentiating the detector signal. Both the time separation of
the two spikes and as the time delay of the first spike, relative to the
signal leading edge, can be independently controlled. This enables the two
spikes to be precisely positioned on the signal curve, one at the maximum,
and the other at the minimum. Changes in the rotation rate of the filter
wheel will cause the timing pulses to occur at positions offset from the

maximum and minimum. This is why the rotation rate is controlled.

O
-
oo
L—
—> 0
LJ3

—BLOCKED SOURCE

TIME

Figure 13. Schematic of Analog Output and A,.. Triggering Signals.
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The dipitized sipnals are acquired, processed in real —-time, and
convertea to an HCU concentration using FORTRAN-based software running on
an [BM-compatible PC. A dittference is taken between each digitized maxiaum
and the average of its adjacent digitized baseline points.  This produces
two si1gnats, one designated 1a which corresponds to the nitrogen filter ana
1s the most sensitive to HCl absorption i1n the sample cell, and the other
aesignated  Ip, which corresponds to the HCl filter and 1is essentially
nonibsorbea by the HCL 1n the absorption path. A ratio of these signals is
computed,

Io-7,.
- 4 na ’ (1)

{ na

witere (hwe dltference sipnat (s normalized to the nonabsorbing signal. This
normalrzation mitipgates the effects ol signal drifts causea by fluctuations
roche tamp output andg accurulation ot surtface contamipation on the White
Cell mirrors.  An overall system callbration constant, rg, is determined by
peasuring  the  above rat'o without HCL in the sample chuamber. The

concentratilon of HCi 1s then related 1o @ nornatized ratlo,

wnere this quantity is equal to unity for zero HClI concentration and
approaches zero tor large HCI concentrations. This ratio is actually the
averaye ot the ratios tor a number of wheel rotations. The number of
roiat.ons chosen to be averdaged is arbitrary and is seclected by the user.
Typicully, 400 wheel rotations are averaged which takes about 30 seconds
and carresponds to the replenishing time of the sample absorption volume.
In aetermining the HC! concentration from the measured intensity ratio

11 1s convenient ton work with the quantity

X = ~Ilnk , (3)
wiichh 1s proportional to the concentration. In theory (Reference 22)

concentration can be related to this gquantity via

Co= ALK v ARG (4)
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where € 1s  concentration, and Ay, Ay are coef{icients aeterminea by

experimental calirbration. Hipher-order terms can be  added if  deemed
necessary.  The effect ot temperaturce on the concentration determinattion
must also be includeda. Atmospheric temperatures can typically range {rom

arouna 0° ¢ auring the winter to as high as 509C on a hot, sunny day in the
uesert . Also, the acrosol evaporator discharges gas into the sampiv
avbsorption reglon at  ground 118°9C. The effect of tenperature  can  oe

capiricaily 1neluded i the expansion coetfficients throupgn

¢ (/)% (5)
)

wiere £ oos tne concentration evaluatled st the reference temperature, Ty,

ane @ s g scgrine  exponent  acterminea trom moael bredictions  of o the

temderatLre variatron,
G. CALI3RATION

The calibration coceftficients were determined at room  temperature,
ustng Known mixtures of HCl 1n nitrogen wnich were prepared inoa 1 cm
pathiength cell.  Thris 1 em cell was then positronea at the exit of the
sampie aosorptiron cetl and the intenstity ratio {as ip Equation (2)) was
aeterminea.  The equivalent concentration in the sample path which wourd
rosuit o 1n this same intensity ratio woula be 1,700'th (the ratio ot path
tenyzths) ot tne  concentration of  the 1 emoocell. 8y  varying the
concentration ot HCL 1n the 1 cm ceil a large range ol equivalent sample
cell concentrations were simulastea. The HCOL concentration tn the 7 cr cetl
was determined by rmeasuring the spectraily resolveda trapsmittance for a
prack- noay Light source, then using a synthetrc spectrdl rodel to match the
measured transmitrance. An exanpie ot the result ot this procedure s
snown tn Troure DG The calibration curve was determ:nea 1n two STeps.
First the npuls to the theoretical model were varled tror therr nowinal
vaiues to ¢ive a gooa i1t to the calibrytion points.  Then the theorotical
curve, wWhich wds determined at @ much  finer grid  spacing  than  the
calibration pornts, was tit to a sixth-order polynomrial expansion n X, us

tn Fquation (2). The resurting calibratron curve s shown 0 Figure 15
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The much larger error bars on the two lowest concentration calibration
puints reflect the fact that the concentration for these points could not
be directly measured. Because their transmittances were too close to unity
to yieid a measurable absorption loss, the concentrations were estimated by
using the relative dillution factor established for the other higher
cancentraction points. The overdll accuracy of the calibration is estimated
Lo be approximately * 20 percent.

The temperature correction exponent was determined by using a first-
principles model of the instrument detector output. This model was
veritied to give good agreement with the experimentally determined room
temperature calibration curve and, therefore, cun be used with contidence
to extrapolate the calibration curve to higher temperatures. Examples of
the temperature-dependent calibration curves over the full temperature
range of interest are shown in Figure 16. The temperature-dependence is
relatively small and is mostly due to the decrease in HCl density at

constant pressure as the temperature is increased.
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Figure 14. Comparison of Observed and Predicted Transmission of a

Blackbody Source Through an Equivalent Sample Path HCl
Concentration of 147 ppm.
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An initial test of the instrument was performed using precalibrated
mixtures ot HC! in nitrogen which were supplied by Matheson. The results
are shown in Figure 17. The nominal concentrations tor the two mixtures
were ©1 and 10 ppm. We have found with previous HCl gas mixtures thaut the
concentration can change substantially and unpredictably over long perioas
of time. The puarticular mixtures used were about 8 months old so that
exact agreement with the nominal concentrations was not expected and the
actual results are quite reasonable. The initial mcasurement points up to
approximately 3 minutes were room air samples and indicate the measurement
noise for a 15-second mcasurement average. When the 61 ppm HCl sample was
initially turned on there was a large concentration spike. This was due to
outgassing from the regulator which had previously been used on a much
higher HC! concentration mixture. The concentration decayed rapidly when
the HCI sample was turned off at about 22 minutes. The effective
evacuation time for the sample absorption cell is around 1 minute which is
consistent with the pump throughput. The 10 ppm HCl mixture was turned on
at 27 minputes and an initial concentration spike was again observed due to

regulator outgassing.

Matheson HCI/N, Mixtures
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Figure 17. Measurement of Precalibrated Matheson HCl/N2 Mixtures.

20




H.

describeaq

A-D. The following step-by-step directions are for set up and operation:

° The wuoden shipping crate contarning the air
sampling/optical mcasurement and power supply moaules Is
placed in the areua to be samptied.

. After removing the crate top the agerosol heater and ncavy
autly extension cord are removed.

° The extension tube tor the aerosol heater is attached to
the air intake port on top ot the optical modulu.

® The extension cora is connected to the crate fan und
power supply power cords.

° Turn the switch for the main power, lociated on the power
supply front panel, to the ON position. A  green
indicator light wiil turn on.

° Turn the switch for the gerosol! heater, also locatea on
the front panel, to ON. A red indicator light will turn
on. The aerosol heater and pump can be controlled
remotely from the computer terminal.

) The coaxial signal cable 1s attached to the front panel
o!l" the power supply module.

. The crate top may now be replaced. Pull the two wire
corda tor the aerosol heater through the opening 1in the
crate top.

] The acrosol heater is attached to the extension tube.
This 1s a Swapgelouk fitting and should not he excessively
tightened.

° The electrical connection to the aerosol heater is made
with the poldrized two pin connector pulled through the
nole in the crate top.

This completes the set up of the sampling unit. The control unit

be remotely located from this module. [ts set up is as f{ollows:

OPERATION AND MAINTENANCE

Operation and maintenance

instructions for the HCl monitor arc brietfly

in this section. Detailed instructions dre given in Appendices

The other end of the covaxial cable is connected to the
remolely located PC.

may




° The HCL program diskette is loaded into either disk drive
ana the computer is then turned on.

[ Atfter the computer operating system is loaded, it takes
about a minute, a prompt,:, will appear on the screen.

) The HCl monitor is then activated by typing "hcl"(ignore
quotes) atter the prompt.

. A series of questions concerning date file names, data
averaging and measurement time period are then answered
by the user.

° The resuits of the measurement are displayed in real time
on the screen in the torm ol a graph of concentration, in
unilts ot ppm, versus time.

L) The measurea data is also placed in a user designated
tile which can be written to a diskette for permanent
storage.

The oniy routine maintenance required is to check and, if necessary,
tu clean the White cell mirrors after each field measurement program.
Specitic instructions for doing this are given in Appendix C. Procedures
for changing the calibration constants, replacing the White cell mirrors,
realigning  the optical system, and adjusting the electronic control

circuits are tully detailed in Appendices A-D.
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SECTION IT1
CONCLUSIONS

SSI has successfully developed and tested a novel HC1 monitor capable
of detecting HCl in both vapor and aerosol phases. An innovative HCl
molecular line lamp is used as the light source enabling selective and
sensitive detection of HCl. A lower detection limit of 0.1 ppm HCLl has
been demonstrated with the prototype HCL monitor. The monitor has been
delivered to AFESC for use in an ongoing nrogram of monitoring solid

propellant tirings at several Air Force test and launch facilities.
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APPENDIX A
INSTRUMENT PERFORMANCE MODEL

The detected signal can be expressed by

Ymax
I = .!:kﬂf(U)Ts(u)Tc(u){l—Tl(u)Tw(Q)}N(Q,Tl) , (A.1)

Ymin

where u(cm'l) is wavenumber, T is transmission for the band-pass filter,

subscript "f," for the sample cell, subscript "s," for the gas filter cell,
subscript "c," for the emission lamp, subscript "“l,” and for the quartz
cell bubble window, subscript “w,"” and N(u.Tl)(W/sr/cmz/cm']) is the
black-body function evaluated at the lamp temperature, T). There are
frequency independent multiplicative factors such as the collection solid
angle which are required to convert the quantity in Equation (A.1) into a
quantitative signal level. However, these factors cancel out when signal

ratios are used to determine the concentration of the absorbing species in

the sample cell. The black-body function is computed from

01Q3

m{exp(cow/Ty)-1)

N(w,Ty) (A.2)
where 01(3.7405x10'12) and 02(1.43879) are the first and second radiation
constants.

In general, the transmission function for a gaseous absorber can be

determined from

T = exp(-cplk(w,T)) ' (A.3)
where c¢ is the mole fraction of the absorbing gas, p (atm) is the total
pressure, 1 (cm) is the path length, and k (cm’1 atm'l) is the frequency

ard temperature-dependent spectral absorption coefficient. The absorption

cozfficient for a single molecular line is given by
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J (@ wJ) +YJ

kj(u.T) = (A.4)

where Sj(cm'a atm'l) is the integrated line strength for the jth line,
Tj(cm”l) is the line width, and mj(cm"l) is the line center location. The
total absorption coefficient is found by summing over all the kj's that
contribute to the filter band pass region, and this is the k(w) that is
used in Equation (A.3).
The 1line width depends on both temperature and pressure and is
calculated from
0 — 0 To
Tj = ijpﬁTo/T + Yjscpﬁf- , (A.5)

where T?f is the foreign gas broadening line width, 733 is the self-

broadening line width, and TO(K) is a reference temperature (taken to be at

273 K for the HCl lines). For HCl the line broadening coefficients depend
on the particular rotational level associated with the transition and can

be approximated by

Y‘J?f = 0.097-7.55x10"3j , and (A.6)
'¢] _ _ .
T3¢ = 0.15-0.015j (A.7)

where j is the rotational quantum number of the lower level involved in the
transition, Ygf is set equal to 0.014 cm™! for vaiues of J greater than 11,
and Y?S is set equal to zero for j greater than 10.
The line strength depends on the temperature and is computed from
umSO{m)fm

Sp = Qoqr(T)qv(T)exp{—czBo(m—l)m)/T){l-exp(-czwm/T) , (A.8)

where S, is the total integrated band strength, m = j+1 in the R branch and
m = -j in the P branch, Og is the band origin, {m) denotes the absolute

value of m, o, is the transition frequency of the m'th line, f_  1is the

m
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Herman-Wallis intensity correction factor, dp is the rotationa! partition
function, q,, is the vibrational partition function, and B,(10.6 em™! for

HC1) is the ground state rotational constant. The partition functions are

given by
= A~
q.(T) By and (A.9)
1
q,(T) (A.10)

1-exp(-cow,/T)

The Herman-Wallis factor is given by

th = 1.-0.025m . (A.11)

The transition frequencies are determined from
= - 2 _ 3
O Wy + aym - agm agm . (A.12)

where the expansion coefficients(al,aa,a3) and the band center location,
Ly, are different for each isotope of HCl. These values are tabulated

below.

(.Jo al 32 83

H35¢y 2886.04 20.5725 0.3072 2.13x10°3
#37c1 2883.92  20.5425 0.3065 2.13x1073

The integrated line strength for HC1 is 155 cm™2 atm~! however befo.e using
it in Equation (A.8) it must be adjusted to account for the isotopic
abundances. Thus for H37C1 use So = 38.8 and for u35¢1 use So = 116.2.

The transmission of the quartz bubble window 1s given by
Te = epx(-x,) (A.13)

w

where x, is the optical opacity of the window(typically x,=0.02).
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The aetected signal given in Equation {(A.1} is dcicimined tor tour
sets of conditions: (1) no HCl in the sample absorption path and the
nitrogen containing filter cell in the beam path, designated Ig, (2) no HCI1
in the sample path and the HCl1 filter cell in the beam path, Iga' (3) HCI1

in the sample path and the nitrogen filter cell in the beam path, [ and

a’
(4) HC1 in the sample path and the HC1 filter cell in the beam path, Ina-

The first two signals are used to compute the zero calibration constant via

r. = {1%-1°.)/1°

o a na na (A.14)

In general, this calibration constant depends on the temperatures, HCIl
concentrations, total pressures, and path lengths of both the HC1 lamp and
the filter cells. However, for a given instrument all these factors are
held constant except for the temperature of the filter cells whose
temperature 1is determined by convective cooling of the optics can.
Variations in the ambient temperature will then lead to variations in the
filter cell temperature. This is why the zero calibration constant must be
determined in real time, just prior to an HCl release. A 10°C temperature
variation will lead to approximately a 1 percent shift in the calibration
constant and would produce about a 0.7 ppm HCl concentration offset in the
calibration curve.

The HCl concentration in the sample absorption path is related to a

measured sig al ratio, modeled by

R = -~ ., where (A.15)
To
1.-1
r = .E%-ﬂi _ (A.16)
nda

In constructing a calibration curve, it is convenient to work with the

quantity

X = ~-InR ' (A.17)
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which is proportional to the HC] concentration. A theoretical calibration
curve can be constructed simply by computing X as a function of the HCI
concentration, C, in the sample absorption path. The resulting curve can

be fit with a simple polynomial expansion

C o= AjX + AX% + Agx3 + -0 (A.18)

where the number of expansion terms depends on the desired accuracy of the
tit (typically up to X6 is required for the current application). The
calibration curve 1is temperature dependent and this can be simply

incorporated into the via

T
cC = (?;)“co , (A.19)

where C0 is the concentration evaluated at the 1 ‘erence temperature T0 and
a 1s a scaling exponent determined from model predictions of the
temperature variation. For this application @« = 3/4 was found to yield

good approximation to the temperature dependence.
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HCL MONITOR SOFTWARE

The HCJ monitor 1s a4 microcomputer-interfaced instrument  wnose
sollwiare s described In this sectlon. As was mentloned previousty n the
eiectronics scction, two signals enter tne DATA TRANSLATIONS analog to
aigital board. The first signal is the amplified output of the PbSe
detector Frgure B.la. The second signal is a ciock pulse derived rrom the

first sipnatl which teils the A/D boara when to read Figure 3.1b.  Two tiles

are supplied with the disk, “"hel.exe” and “calib”. The later file is the U
ppm HC! catlibration constant read by hcl.exe. This constunt 1s upuatea
each time a calibration run 1s performed. The former file 1s the actual

HCl monitor data collection calibration, and analysis program. A tflowchart
for this program 1s shown 1n Figure B.2.

Upon entering the program a disptay identifying the program 1is
tlashed to the scrcen for 3 seconds. Then the user is asked whether or not
4 calibration run is to be performed and for how long. It is advisable to
pertorm an instrument calibration run tor at least 1/2 hour (after the
mstrument warmup period) before collecting data. This procedure ensures
that the appropriate 0 ppm HCI calibration constant will he wusea in
getermining the HCL concentrations to be later measurcd. The calibration
procedure should be pertormed while thare is no HCI present. [t there 1is
some smatl (a4 few ppm) HC! concentration present during calibration then
thr subsequent measuring period may report relative HCL concentration una
notl absotule concentration. The calibration constant is stored in the file

“ciarb." at the end of the procedure tor later recall auring a measurenent
run.

following the calibration of the instrument, g measurerent run can
be pertormed.  After selecting the nurber ot wheel turns to average, the
user 1s prompted for the name of the storage file and the duration ot the
I L 1s suygpested that data files be stored on a separate rloppy to

protect against exceeding disk space on the program daisx and hence losing

the data. The program opens the data tile and stores some uscer supplicu
hegder intormation tn it. Then a graphic dispilay of HCU concentration
31




versus tine s opul oon the screen.  The program data reauction and anslysts
oveurs 1 the subrout:'ne TanaiQt. ™ Essentiatly this routine takes the
arlterence vetweell the large peaks ana the small peaks of Frgure 8.1 . a then
a:viges by the small peaxks.  These are then averapea over the wheel turns

G reported back to the main program as the nepative logarithsm ot thrs

Guiano by, The matn program then reilgwves  this  lopgar:thm to the  HO!
collcentration using g calibratlion  curve. During the acquisitron  ana

anaiys:s the (lime, concentration) points are displayea on the screen and
ouiput to the data tile. At the end of agcquisition the frite 1s closed and
the progran stops. At any time during the data acquisition process the
program can be stopped and the file sdaved by pressing the "escape” key.

A program listing fotlows 1n Section B.1. The code is implemented 1in
4 mixture ol FORTRAN, €, and ASSEMBLER. The FORTRAN modules were comp)lea
usinyg  the Microsoft Optimizing FORTRAN compiler version 4.10. The C
Todules were compiled using the Microsoft QuickC compiler version 1.00.
The ASSUMBLER modules were assembled with the Microsott Macro Assembier
version 5.0, The modules were linked with the Microsotft Extenaed Overlay

-

Linker version 5.01.20 and all software was developed on an T8BM PC/XT

compat ible untder the PC-DOS version 3.1 operating system.
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SOURCE CODE FOR HC1 PROGRAM

. Subroutine to analyze the voltage array A fronm the main

. HCY program. The major result is a returned value of X

. which is related to the HC1 concentration in ppm. If full
. output is reguested, as in a calibration run, then a number

. interrediate results are displayed to the screen.
subroutine anal01(flag,n,r0,Rtot,X,A)

. A(i,j) = Array containing the voltage measurements of all
ot the wheel turns
(1) = peak-null voltage ot first peak
. Bred(i) = peak-null voitage of second peak
(i) = peak-null voltage of third peak
(1) = peak-null voltage of fourth peak
. Diff1(i)= (1st peak - 2nd peak difference)/Bred
. Diff2(i)= (3rd peak - 4th peak urfference)/Dred
. R(1) = HC1 ratio for a single wheel turn
. sigma(i)= standard deviation of ave(i)
. ave(i) = average of the eight measurements, Ared, Bred, Cred, Dred

Ditf1, and Diff2 over the number of wheel turns

. Rtot = HC1 ratio

. X = -In(Ratio) related to HC1 concentration
o = number of wheel turns

. rd = HC! ratio in the absence of HC1

real*4 A(8,401),Ared(400),8red(400),Cred(400)
real*s Dred(400),0i¢f1(400),0iff2(400),R(400)
real*d sigma(14),ave{14),Rtot,X

character flag*1

it(.not.(tlag.eq.'y'.or.flag.eq.'Y' .or.flag.eq.'n’
1 .or.tlag.eq.’N')) then
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print ¥, 'Input error to analll’

print *,'Flag must equal "Y* or °N°, input flag'

stop

endif

Rtot = 0.0

do 10 j=1,n
Ared(j) = A(2,J) - 0.5%(A(1,J) + A(3,)))
Bred(j) = A(4,J) - 0.5%(A(3,)) + A(5.J))
Cred(j) = A(6,)) - 0.5*(A(5.)) + A(7,]))
Ored(j) = A(8,J) - 0.5*%(A(7.j) + A(Y,(j+1)))
0itf1(J) = (A(2,)) - A(4,)))/8Bred(])
Ditt2(j) = (A(6,J) - A(8.j))/0red(j)

R(J) = (A(2,5)+A(6,])-A(4,))-A(8,]))/(Bred(j)+Dred(]))

Rtot = Rtot +R(j)

10 continue
Rtot = Rtot/(r0*float(n))
it(Rtot.1e.0.0) then
=50
else
X = -alog(Rtot)
end if

do 100 i=1,8
ave(i)=0.0
~
do 50 j=1,n
ave{i)=ave(i)+A(3,])
50 continue

100 continue

ave(9)=0.0

ave(10)=0.0
ave(11)=0.0
ave(12)=0.0
ave(13)=0.0
ave(14)=0.0
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110

150

200

do 110 j=1,n
ave(9) = = ave(9) + Ared(j)
ave{10) ave(10) + Bred(j)
ave(11) = ave(11) + Cred(j)
ave(12) = ave(12) + Dred(j)
ave(13) = ave(13) + Diff1(j)
ave(14) = ave(14) + Diff2(})

continue

do 200 i=1,8
ave(i)=ave(i)/float(n)
sigma(i)=0.0
do 150 j=1,n
sigma(1)=sigma(i)+(A(1,])-ave(d))**2
continue
sigma(i)=sqrt(sigma(i)/float(n))

continue

ave{9)=ave(9)/float(n)

ave(10)=ave(10)/f1oat(n)

ave(11)=ave(11)/float(n)

ave(12)=ave(12)/float(n)

ave(13)=ave(13)/f1oat(n)

ave{14)=ave(14)/f10at(n)

sigma(9)=0.0

sigma(10)=0.0

sigma(11)=0.0

sigma(12)=0.0

sigma(13)=0.0

sigma(14)=0.0

do 250 j=1,n
sigma(9)=sigma(9)+(Ared(j)-ave(9))¥*2
sigma(10)=sigma(10)+(Bred(j)-ave(10))**2
sigma(11)=sigma({11)+(Cred(j)-ave(11))**2
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sigma(12)=sigma(12)+(Dred(J)-ave(12))**2
sigma(13)=sigma(13)+{Diff1(j)-ave(13))**2
sigma(14)=sigma(14)+(Diff2(j)~ave(14))**2

250 continue

c
do 270 i=9,14
sigma(i)=sqrt(sigma(i)/float(n))
210 continue
c
if(flag.eq.'Y'.or.flag.eq.'y’) then
c

write(6,*)" '
write(6,%)' '
write(6,*) ' **¥%xx%  Sratistics concerning raw data ¥*¥xxx!
write(6,*)' '
write(6,111)

11 format(1ix,'1',8x,'2',8x,"'3",8x,'4",8x,'5",8x,'6',8x,"'7",8x,'8")
write(6,1) (ave(i),i=1,8)

1 format(1x, 'ave',3x,F8.5,7(1X,F8.5))
write(6,2) (sigma(i),i=t,8)
2 format(1x,'sigma’, 1x,F8.5,7(1X,F8.5))
write(§,¥)" '
write(6,*)" '
write(6,*)' '
write(6,44)
44 format(1x, '****¥** GSratistics concerning four peaks',

1" and difference ratios ¥¥¥*xx')
write(6,*)' '
write(6,112)
112 format{1x,9x, "Peakl’,Ix, 'Peak2',Tx, ‘Peak3’,1x, 'Peakd’,
1 7x,'Diff1',7x, 'Diff2")
write(6,113) (ave(i),i=9,14)
13 format(1x,'ave',3x,F8.5,5(4x,F8.5))
write(6,3) (sigma(i),i=9,14)
3 format(1x, ‘sigma’, 1x,F8.5,5(4x,F8.5))
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write(6,*)' '

write(6,%)'The smaller difference ratio average is',
1 amini{ave(13),ave(14))

write(5,%)'The larger difference ratio average is',
1 amax1i(ave(13),ave(14))

endif

ter1={ave(13)+ave(14))/2.0

if(tlag.eq.'Y'.or.flag.eq. 'y") then

write(6,*)'The average of averages is',tem

endif

temi=aminl(ave(13),ave(14))

tem2=amax1{ave(13),ave(14)})

tem3=(ave(13)+ave(14))/2.0

return

end

interface to subroutine gdate (x)

integer*4 x

end

subroutine getdat(month,day,year)

Routine to get the date through an MS-DOS int21H

function call
integer¥4 year,month,day,date
call gdate(date)
year = jand(date, 168FFFF0000) /16810000
month = jand(date, 16#FF00)/16%100

day = iand(date, 168FF)

return

end
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interface to subroutine gtime (x)
integer*4 x

end

subroutine gettim(hours,minute,second,hundre)

¢ Routine to get the time of day through an MS-D0S int21H

¢ function call

101

integer*4 hours,minute,second,hundre,time

call gtime(time)

hours = iand(time, 168FF000000)/16%#1000000
minute = iand(time, 168FF0000)/16%10000
second = fand(time, 168FF00)/168100

hundre = jand(time, 164FF)

print 101, hours,minute,second, hundre
format(1x,i2,':',32,":",i2,".",12)
return
end
interface to subroutine plitgr [c] (x)
integer*4 x [near, reference]

end

interface to subroutine pltpts (c] (x,y,z)
real*4 x [near, reference)

real*d y (near, reference)]

integer*4 z (near, reference]

end

intertace to subroutine rsecen (c]

end
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interface to subroutine eschit [c] (x)
integer*d x [near, reference)

end

. This is the main program unit for the SSI HC1 meritor

program hecl

real*d A(8,401),tinit,tfinal,etim,cppm

real*d r0,r0a,7

integer*4 Yval(3208),numave,ngain, lent,mtype, heat
integer*4 hrs,min,sec,hun,hkey,ncal

character flag*1,filnam*14

. A(1,j) = Array in which the measured voltages are stored
. Yval(i) = Array which contains the integers of the A/D conversions
. tinit = Initial time

. tfinal = Final time

. etim = Elapsed time

. cppm = HCT concentration in ppm

. r0 = Measured ratio in the absence of HC)
. rla = Dummy variable used in calibration
T = Ambient temperature in Celsius

. numave = Number of wheel turns to average

. ngain = Gain tor which the A/D board is set

. lent = Length of time for measurement in minutes

. mtype = Measurement type, calibration(0) or HC1 determination(1)
. heat = Aerosol heater on(1) or off(0)

. hrs = Hours

. min = Minutes

. sSec = Seconds

. hun = Hundredths of seconds

. hkey = Value is 27 is escape key hit, 0 otherwise
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. ncal = Increment tor calibrtion measurement

. tilnam = File namé in which to store measurements

. conc is the function which relates the 1n of the measured
. ratio and the ambient temperature to the HC1 concentration

. in ppm

conc(T,X) = ((273.0+7)/295.0)%*0.75%(95.08*X + 20.59%X*X +
& 19.65%c¥*%3 - 1.893*X¥*4 + 0.3074*X**5 + (.2290*X**5)

. hclscr sets up the initial screen and holds it for 3 seconds

call hclser(3.0)

... rdparm is the subroutine which reads all of the user input and

. relays the information back to the main program

call rdparm(numave,ngain,factor,lent,filnam,r0,mtype,heat,T)

... 1f mtype=1 then do an HCl measurement

if(mtype.eq.1) then

call gettim(hrs,min,sec,hun)

tinit = 3600%hrs + 60*min + sec + hun/100
. pltgr is the subroutine which sets up the graphics screen
call pltgr(lent)

. stpclr, setad, and rdAtoD set up and read the A/D board
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10 call stpclr
call setad(ngain,8*numave+7,0,0)

call rdAtoD(8*numavet?,'e","i',Yval)

¢... sorter sorts Yval according to tne procegure outiined In appendix B8

c... of the final report

call sorter{numave,Yval)

c... convert Yval to volts array A

do 100 j = 1,numave+!

do 44 =138
A(1,J) = ((20.0 * Yvali{e*(j~1)+1)/4096.0) - 10.0)/factor

44 continue

100 continue

¢... analyze the array A for the In of the average ratio X

call anal01('n',numave,r0,Rtot,X,A)
call gettim(hrs,min,sec,hun)
tfinal = 3600*hrs + 60*min + sec + hun/100
etim = (tfinal-tinit)/60.0
if(X.ge.5.0) then
cppm = 10000.0
else

cppm = conc(T,X)

end if

c... plot the HC1 concentration and stare in filnam

call plitpts(etim,cppm,lent)
write(20,¥) etim,cppm
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. check if measurement time is completed or the escape key is hit
. if yes close filnam and clear and reset screen to text mode

. if no continue taking data

it(etim.ge.float(lent)) then
close(unit=20)
call rscen
stop
else
call aschit({hkey)
it(hkey.eq.27) then
close(unit=20)
call rscrn
stop
else
goto 10
endif

endif

endif

. If mtype=0 then do a calibration measurement

if(mtype.eq.0) then

rfa = 0.0
rg = 1.0
ncal=1
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print %,'Calibration step'

print *,' '
c

call gettim{hrs,min,sec,hun)

tinit = 3600%hi> + 50*min + sec + hun/100
c

c... stpclr, setad, and rdAtoD set up and read the A/0 board

¢
20 call stpclr
call setad(ngain,8*numave+7,0,0)
call rdAtoD(8*numave+?,'e',"i',Yval)
¢

c... sorter sorts Yval according to the procedure outlined in appendix B

c... of the final report

call sorter{numave,Yval)

¢... convert Yval to volts array A

do 200 j = 1,numavet?

do 24 i=1,8

A(1,J) = ((20.0 * Yval(B*(j-1)+1)/4096.0) - 10.0)/factor

U4 continue

¢ write(25,234) (A(d,j),1=1,8)
234 format(ix.8f9.4)

c

200 continue

¢

c... analyze the array A for the In of the averace ratio X

call anal0i1('y',numave,r0, Rtot,X,A)
call gettim(hrs,min,sec,hun)
tfinal = 3600%hrs + 60%*min + sec + hun/100

etim = (tfinal-tinit)/60.0
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cppm = conc(T,X)

. store X in file filnam

write(20,%*) etim,X

. take runnig average of new rl

rba = r0a + exp(-X)

ncal=ncal+l

... check if measurement time is completed or the escape key is hit

. 1t yes close filnam, store new r0 in file calib,
. and clear and reset screen to text mode

. if no continue taking data

if(etim.ge.float(Jent).or.ncal.gt.500) then
close(unit=20)
r0a = rba/float(ncal-1)
rewind(unit=15)
write(15,*) rla
close(unit=15)
call rscen
stop
else
call eschit(hkey)
if(hkey.eq.27) then
close(unit=20)
rfa = rda/float(ncal-1)
rewind(unit=15)
write(15,%) r0a
close(unit=15)

call rscrn
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stop

else
goto 20
endif
endif
c
c
c
endif
c
c
c
1000 stop
end
interface to subroutine cls
end
interface to subroutine pstrng (x)
character x*81
end
subroutine helscr(second)
c
¢ ... This subroutine clears the screen and prints the SSI
¢ ... copyright information and leaves it up for the number
¢ ... of seconds specitied. Then the screen is cleared
C ... once more.
c
integer*§ i
real*& second
character c*§1,str1%40,str2*40
c
call cls
c write(6,'(1x,80(1H*))")

stri=z’ P332 PR R3S 0252228003320 002022333083

c{1:40)=str1
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10

20

gl

c(41:80)=str1
c(81:81)="§"
call pstrng{c)
stri='x !
str2=' X!
c(1:40)=str1
c(41:80)=str2
c(81:81)="¢’
do 10 i=1,3
write(6,'(1x, TH*, 78(1H ), 1H*)")
call pstrng(c)

continue
strl='% HC1 MO’
str2="NITOR x!

c(1:40)=strt
c(41:80)=str2
c{81:81)="'§"
call pstrng(c)
write(8, ' (1x, 1H%, 38(1H ), 11HHC) MONITOR,33(14 ), 14%)")
str1='x '
str2=' !
c(1:40)=stri
c(41:80)=str2
c(81:81)="¢"
do 20 i=1,3
write(6, ' (1x, 1H*, T8(1H ), 1H¥)")
call pstrng(c)

continue

write(6,' (1x, 1H*,19(1il ),40Hcopyright 1938, Spectral Sciences, Inc.,

19(1H ), 1H%)")
stri='x copyright 1988, Spe’
str2='ctral 3ciences, Inc. X!

c(1:40)=stri
c(41:80)=str2
c(81:81)="¢'
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call pstrng{c)
stri='¥ !
str2=' *!
c(1:40)=str1
c(41:80)=str2
c(81:81)="¢"
do 30 i=1,9

write(6, ' (1x, TH*, T8(1H ), 1H%)')

call pstrng(c)
continue
write(6,'(1x,80(1H*))")
stris' L2 EE 2S00 0233323373335 ¢3233 8323083
c(t:40)=str1
c(41:80)=str1
c(81:81)="¢"
cali pstrng(c)
call twait(second)
call cls
return
end
interface to subroutine inplb (a,b)
integer*? a,o
end
interface to subroutine outlb {a,b)
integer*2 a,b

end

SUBROUTINE RdAtoO(nreads,ieclk,ietrig,Yval)

. .FORTRAN routine to read the DT-2401 board following A/D setup with
.."setup’. The inputs are: number of conversions, flag(i,e) for internal

..or external clock, and flag(i,e) for internal or external trigger.

..The output is an array of A/D conversions
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BSADRS
CMDREG
CMOWAIL
DATREG
RDWAI
STAREG
WRTWAI
ADL
ADH
EXTCLK
EXTRIG

integer*4
integer*4

character

INTEGER*2
INTEGER*2

Base Address

Command Register

Command Wait

Data Register

Read Wait

Status Register

Write Wait

Array to hold low Byte of data
Array to hold high Byte of data
External Clock code

External Trigger code

nreads
Yval(3208)

jeclk*1,jetrig*!

BSADRS, CMDREG, STAREG, DATREG, CMDWAL , WRTWAI
ROWAL,CSTOP,STATUS, EXTRIG, ERRORT, ERROR2

INTEGER*2 CRAD,ADL(4008),ADH(4008),EXTCLK, COMAND

BSADRS = 748
CMDREG = BSADRS + 1
STAREG = BSADRS + 1
DATREG = BSADRS
CMOWAI = 4

WRTWAl =2

ROWAL =5 .

cstop = 15

CRAD = 14
EXTCLK = 64

EXTRIG = 128
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222

Check for legal Status Register value.

CALL INPLB(STAREG,STATUS)

IF (.NOT.((IAND(STATUS,112)).EQ.0)) GO TO 88

COMAND = 0
if(ecTk.EQ. ‘E'.OR.iec1k.EQ. "e") COMAND=COMAND+EXTCLK
if(ietrig.EQ. 'E'.OR. fetrig.EQ.'e’) COMAND=COMAND+EXTRIG

comand = crad + comand
call WAIT(STAREG,CMDWAI,0)
call OUTLB(CMDREG,comand)

DO 222 LOOP = 1,preads
CALL WAIT(STAREG,RDWAI,D)
CALL INPLB(DATREG,ADL(LOOP))
CALL WAIT(STAREG,ROWAI,O)
CALL INPLB(DATREG,ADH(LOOP))
CONTINUE

Check for ERROR.

CALL WAIT(STAREG,CMDWAI,0)
CALL INPLB(STAREG,STATUS)

I added this line in order to ignore the high 4 bits

STATUS = TAND(STATUS,15)
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[F(IAND(STATUS,128).NE.0) GOTO 94

00 333 LOOP = 1,nreads

Yval{LOOP) = ADH(LOOP)*256 + ADL(LOOP)

it(Yval(LOOP).GT.32767) Yval(LOOP) = Yval(LOOP) - 65536
333 CONTINUE

c

69 continue

¢ WRITE(*,*)"

c WRITE(*,*)' !

c WRITE(*, *) ' READ A/D Operation Complete’
GOTO 102

c

¢ Fatal board error.

¢

94 WRITE(X,*) ' '
WRITE(*,*) 'FATAL BOARD ERROR'
WRITE(6,2) STATUS

2 FORMAT(1X, 'STATUS REGISTER VALUE IS ',12," DECIMAL')
WRITE(*,*) ' '
CALL SR9G00(CMOREG, STAREG, DATREG, CMDHAI, ROWAI,

-CSTOP,CERROR, ERROR1, ERROR2)

WRITE(*,*) 'ERROR REGISTER Vi JES ARE:'
WRITE(6,3) ERRORT

3 FORMAT(1X, " BYTE 1 - ',I2," DECIMAL')
WRITE(6,4) ERROR2

4 FORMAT(1X, BYTE 2 - ',I2," DECIMAL')
WRITE(*%,%) ' '
6070 102

C

c I11egal Status Register.

C '

98 WRITE(*,*) ' '
WRITE(*,*) 'FATAL ERROR - ILLEGAL STATUS REGISTER VALUE'

WRITE(6,5) STATUS
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FORMAT(1X, 'STATUS REGISTER VALUE IS ',I12,"' DECIMAL')

write(*,*)'failure in “rdAtoD"’

RETURN

END

interface to subroutine inplb (a,b)
integer*4 a,b

end

interface to subroutine outlb (a,b)
integer*§ a,b

end

subroutine setad(GNCODE,NUMCNV, SRTCHN, ENDCKN)

integer*4 STAREG,STATUS,CMDWAI,CMDREG,CSAD, WRTHA!
jnteger*4 DATREG,GNCODE,SRTCHN, ENDCHN,BSADRS
integer*4 NUML, NUMH, NUMCNY

...number of conversions, start channel, and end channel.

...fellowing “stpclir®

8SADRS = Base Address
CMOREG
CMOWAI
DATREG
STAREG
WRTHAI
GNCODE

Command Register

"

Command Wait

Data Register

Status Register

Write Wait

Gain Code

BSAORS
CMDREG

748
BSADRS + 1
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STAREG = BSADRS + 1
DATREG = BSADRS
CMDWAL = 4

WRTWAI =2

Csab =13

Check for legal Status Register value.

CALL INPLB(STAREG,STATUS)

IF (.NOT.((TAND(STATUS,112)).EQ.0)) GO TO 98

Do a SET A/D PARAMETERS command to set up the A/D converter.
Write SET A/D PARAMETERS command.

CALL WAIT(STAREG,CMDWAIL,O0)
CALL QUTLB(CMDREG,CSAD)

Write A/D gain byte.

CALL WAIT(STAREG,WRTWA!T WRTWAI)
CALL OUTLB(DATREG,GNCODE)

Write A/D start channel byte.

CALL WAIT(STAREG,WRTWAL,WRTWAI)
CALL OUTLB(DATREG,SRTCHN)

Write A/D end channel byte.

CALL WAIT(STAREG,WRTWAL ,WRTWA])
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98

102

CALL OUTLB(DATREG, ENDCHN)

Write high and low bytes of NCONVERSIONSH.

NUMH = INT(NUMCNV/255)

NUML = NUMCNV - NUMH * 256

CALL WAIT(STAREG,WRTWAI, WRTWAI)
CALL OUTLB(DATREG,NUML)

CALL WAIT(STAREG,WRTWAI,WRTWAI)
CALL OUTLB{DATREG,NUMH)

write(* *)' '

write(*,*)'SET A/D PARAMETERS completed’

goto 102

WRITE(*,*) ' '

WRITE(*,*) 'FATAL ERROR - ILLEGAL STATUS REGISTER VALUE'
WRITE(6,5) STATUS

FORMAT(1X, 'STATUS REGISTER VALUE IS ',12,' DECIMAL')

write(¥,*)'failure in *setad"'

return
end

subroutine sorter(n,Y)

..FORTRAN routine to sort the data read from the DT-2401 board so
..that the first point is a baseline, the second is the first large
..maximum, the third is a baseiine, the fourth is the first small
..maximum, then a repetition for up to the number of wheel turns

..specified.

integer*s n,Y(3208),dum,ndum, idum, mdum

dum = max(Y(1),Y{2),Y{3),Y(4),Y(5),Y(6),Y(1))
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1

13

20

30

mdum = -32767
do 10 1i=1,1
it(Y(1).€Q.dum) then
ndum = i
goto 11
end if

continue

do 12 i=1,1
it(i.NE.ndum) mdum = max(mdum,Y(i))

continue

do 13 i=1,7
it(Y(1).EQ.mdum.AND.i.NE.ndum) then
kdum = i
goto 14
end if

continue

if(ndum.GE.2) then
do 20 i=1,8%n+1
Y(i) = Y(i+ndum-2)
continue

return

else
if(kdum.GE.2) then
do 30 i=1,8%n+1
Y(1) = Y(itkdum-2)
continue

return

else
write(¥,*)'*¥% grror in subroutine sorter *¥*'

stop
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end if

end it

return

end

interface to subroutine inplb (a,b)
integer*{ a,b

end

interface to subroutine outlb (a,b)
integer*{ a,b

end

SUBROUTINE SR9600(CMOREG,STAREG, DATREG, CMDHAT, RDWAT,
-CSTOP,CERROR, ERRORT, ERROR2)

This part should be separated into a separate subroutine

...FORTRAN routine to read messages from the DJ7-2401 board

INTEGER*4 CMDREG,STAREG, DATREG, CMOWAI, RDWA]

INTEGER*4 CSTOP,CERROR, TEMP,ERROR1, ERROR2

Read the Error Register.

CALL OUTLB(CMDREG,CSTOP)
CALL INPLB(DATREG, TEMP)

CALL WAIT(STAREG,CMDWAI,0)
CALL OUTLB(CMDREG,CERROR)

CALL WAIT(STAREG,RDWAI,D)
CALL INPLB(DATREG,ERROR1)

CALL WAIT(STAREG,ROWAL,O0)
CALL INPLB(DATREG,ERROR2)

RETURN
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END

interface to subroutine inplh (a,b)
integer*4 a,b

end

interface to subroutine outlb (a,b)
integer*4 a,b

end

SUBROUTINE stpcir

...FORTRAN routine to stop and clear the DT-2401 board

BSADRS = Base Address
CMDREG = Command Register
CMDWAL = Command Wait
DATREG = Data Register
STAREG = Status Register

INTEGER*4 BSADRS,CMDREG, STAREG, DATREG, CNDWA]
INTEGER*4 TEMP,CCLEAR,CSTOP,STATUS

BSADRS = 748
CMDREG = BSADRS + 1
STAREG = BSADRS + 1
DATREG = BSADRS
CMOWAL = 4

CCLEAR =1

CSTOP =15

Check for legal Status Register.
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CALL INPLB(STAREG,STATUS)

IF(.NOT.((1AND(STATUS,112)).EQ.0)) GOTO 98

c

c

c Stop and clear DT2801.

¢
CALL OUTLB(CMDREG,CSTOP)
CALL INPLB(DATREG,TEMP)

C
CALL WAIT(STAREG,CMDWAI,O)
CALL OUTLB(CMDREG,CCLEAR)

C

c write(*,*)'STOP and CLEAR completed’
goto 102

C

¢ 1Negal Status Register.

¢

38 WRITE(*,*)' '
WRITE(*,*) 'FATAL ERROR - ILLEGAL STATUS REGISTER VALUE'
WRITE{6,2) STATUS

2 FORMAT(1X, 'THE VALUE OF STATUS 1S ',12,' DECIMAL')
c
102 RETURN

END

subreutine twait(s)

c...FORTRAN routine to wait a certain amount of time (sec) then procede

real*$ s, tinjt,tfinal

integer*¢ 1,n,ihrs,imin,isec,jhun
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call gettim(ihrs,imin,isec,ibun)

tinit = float(3600*%ihrs + 60%imin + isec + 0.01%ihun)
10 call gettim(ihrs,imin,sec, ihun)

ttinal = float(3600%ihrs + 60%imin + isec + 0.01*ihun)

if((tfinal-tinic).1t.s) goto 10

return

end

interface to subroutine inplb (a,b)

integer*4 a,b

end

subroutine wait(addres,n,m)

c...FORTRAN routine to suspend execution until a specified bit pattern

c...is read from the specified port

integer*4 addres,value
integer*4 result,n,m

] call inplb(addres,value)
result = JEOR(value,m)
result = JANC result,n)
if(result.eq.0) go to 1
return

end

c... Subroutine to read all of the user supplied parameters for the HCI1

C... program.

subroutine rdparm(numave,ngain,factor,lent,filnam,r0,mtype, heat,T)

¢... numave = Number of wheel turns to measure over
€... ngain = Gain of A/D board
c. *arrer = (ivisicn factor based on ngain for voltage conversion

c... lent = Time length for measurement run

c... tilnam = Name of user supplied file to store HC) concentrations
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. r0

= HC) ratio in absence of HC1 absorption
. mtype = Measurement type: 0 for calibration, 1 for HC1 determination
. heat = Aeraso)l heater on(1) or off(0)
T = Ambient temperatyre in Celsius

integer*4 numave,ngain,lent,mtype,heat
real*s r0,factor,T
character filnam*14, header*??
write(6,¥) Average over how many measurements '
read(5,*) numave
write(6,*) 'select gain factor:’
write(6,%¥) (0 for qt0 V)’
write(5,¥) ‘(1 for q5 V)’
write(6,*) '(2 for qg2.5 V)’
write(6,*) '(3 for g1.25 V)'
write(6,%) 'gain factor: '
ragd(%,*} ngain
if(ngain.LT.0.0R.ngain.GT.3) then
write(f,*)' '
write(6,*)'Please input a number between 0 and 3'
goto 33
end if
ngainz2
write(6,*)" '
if(ngain.eq.0) factor=1.0
if(ngain.eq.1) factor=2.0
if(ngain.eq.2) factor=4.0
it(ngain.eq.3) factor=8.0

write(§,%) 'Nare the file you wish to store data to'
format(AT)
format{A14)
format(A72)

format(ix,AT2)
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5%

write(6,*) tilename="

read(5,12) filnam

write(6,*) 'print a one line header’
reaa(5,13) header
cpen(20,file=filnam,status="unknown')

write(20,14) header

mtype = -1

write(6,*) 'Measurement type'
0
1

write(6,*) 'Calibration

write(6,*) 'HC] testing
read(5,*) mtype

if(.not.(mtype.eq.0.or.mtype.eg.1)) goto 50
heat=-}

write(6,*) 'Aerosol measurement'

t
o

write(6,*) 'Aerosol Heater off

(1}
—

write(6,*) "Aerosol Heater on
read{5,*) heat

write(6,*) 'Input the ambient temperature in Celsius’
read(5,*%) 7T

it(.not.(heat.eq.0.or.heat.eq.1)) goto 55

write(6,*) 'Input time duration of data accurmulation'
read(5,*) lent

open(unit=15,file='calib', status='01d")
it(mtype.eq.1) read(15,*) r0

return

end

#include <stdio.h>

#include <conio.h>

#include <ctype.h>

/‘

This C function checks whether or not the escape key was hit
yes then 27 (ascii representation of escape key) 1s returned

no 0 is returned */
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/¥ called as FORTRAN subroutine ‘eschit(dum)*

integer*4 dum */

void eschit(dum)

int near *dum;

{
int c;
if ( kbhit() ) {
¢ = getch();
}

else {

if (c==toascii(27)) *dum

if (c!=toascii(27)) *dum

2T

"
o

}

#include <stdio.h>
#inciude <ctype.h>

#inciude <graph.h>

struct videoconfig vc; /* variable vc of type videoconfig */

void pltgr(tmax)

int near *tmax: /¥ tmax is the time scale (min) maximum */

/% This C function sets up the plotting coordinates for the HC)
real time measurements. Used with "pltpts® to plot the points */
/* called as FORTRAN subroutine "pltgr(tmax)"

integer*4 tmax */

int 1,J,tkval;
_setvideomode ( _HRESBW);
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_getvideoconfig (&vc);
_setcolor (2);
_moveto (52,172);
_lineto (640,172);
_moveto (52,172);
_lineto (52,0);
_moveto (50,0);
_lineto (54,0);
_moveto (50,43);
_lineto (54,43);
_moveto (50,86);
_lineto (54,86);
_moveto (50,129);
_lineto (54,128);
tkval = (*tmax+10)/10;
tor (i=52; i<=632; i=7+58) |
_moveto (i,170);
_lineto (i,174);
}
_settextposition(1,3);
printf{"1000");
_settextposition(6,4);
printf("100");
_settextposition{11,5);
printf("10°);
_settextposition(17,6);
printf("1°);
_settextposition(22,5);
printf(".1%);
_settextposition(23,7);
printf(*0*);
_settextposition(10,1);
printf(“HC1");
_settextposition{11,1);

printf("ppn*);




for (i=1; i<=T0; i++ ) |
_settextposition ( 23,(T*(i+1)) ):
printf (8%, (tkval+(i-1)*tkval) )};
}
-settextposition(ZS,BS);
printf (“time (min)*);
}
#include <stdio.h>
#include <math.h>

#include <graph.h>

struct videoconfig ve; /* variable vc of type videocontig */

/* This tunction accepts the elapsed time and the concentration in
ppm and plots it on a log plot, tmax is the time scale (min)
maximum */

/% This C funtion plots properly in the HRESBW mode and should be
used with *pltgr” */

/* called as FORTRAN subroutine *pltpts(etim,cppm,tmax)®
rea1*4 etim,cppm

integer*4 tmax */

void pltpts{etim,cppm,tmax)
int near *tmax;
t1oat near *etim;

+1o0at near *cppm;

{
int xscale;
int x,y;
xscale = 10%({*tmax+10)/10);
x = (int) ((548.0% *etim)/xscale);
it(*cppm <= 0.1)
y =0
else if(*cppm >= 100.0)
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y = 172;
else
y = (int) (43.0%10g10(*cppm)+43.0);
_setpixel(x+52,172-y);
}
#include <stdio.h>

#include <graph.h>

void rscrn()

/¥ This C function clears the screen and sets the video mode to
_TEXTBW8O (the normal text mode for the Compag) */

/¥ called as FORTRAN subroutine "rscrn® */

_clearscreen( GCLEARSCREEN);
_setvideomode( TEXTBWBO);
}

; assembly function to clear the screen, should word in any video mode

; called as FORTRAN subroutine “CLS®

.model large

.code
PUBLIC CLS
CLS PROC
EXTRN ~ HOME:FAR
PUSH  BP

mov ax,0t00h

int 010h

mov bh,07
cmp at,03
Jle bh set
cmp al,o7
Je bh set
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xor bh, bh
bh_set: mov ax,0600h

xor cx, Cx
mov dx, 184Fh
int 010h
call  HOME
poP 8P
RET 4

CLs ENDP
END

; assembly function to position the cursor at the top lefthand corner
; of the screen

; called by assembly function “CLS®

.mode? large

.code
public HOME

HOME proc
push bp
mov ax,0200h
xor bx, bx
xor dx, dx
int 010h
pop bp
ret

HOME endp
end

; assembly function to fetch the date for FORTRAN subroutine *getdat(dete)’

; integer*4 date

.model large
.code

PUBLIC gdate
gdate  PROC
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PUSH 8P

MOV ‘8P, 5P
xor AH, AH
mov AH, 2AH
int 2
les BX,DWORD PTR [BP+6]
mov £S:(8X),0X
mov ES: [BX]+2,CX
pPOP 8P
RET 4
gdate  ENDP
END

; assembly function to fetch the time of day for FORTRAN subroutine
; “gettim(time)"

; integer*4 time

.MODEL LARGE

.CODE
PUBLIC gtime
gtime  PROC
PUSH BP
MOV bBP,SP
xor AH, AH
mov AH, 2CH
int 21H
les BX,DWORD PTR (BP+6]
mov ES: (BX],DX
mov ES: [BX]+2,CX
POP BP
RET 4
gtime  ENDP
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END

; assembly function to Input a low byte from a port called as FORTRAN

; subroutine "inplb(port,value)’

; integer*4 port,value

.model large

.code

INPLB

INPLB

PUBLIC
PROC

PUSH
MOV

LES
Mov
LES
IN

XOR
MOV

popP
RET
ENDP
END

INPLB

gp ;Saves framepointer on stack

8P,SP

BX,DNORD PTR{BP+10)
OX, ES: (BX]

BX, DNORD PTR[8P+6)
AL, DX

AH, AH

£S: (BX], AX

BP ; Restore the framepointer

8

; assembly function to output a Tow byte to a port called as FORTRAN

; subroutine "outlb(port,value)”

; integer*4 port,value

.model large

.code

ouTLB

PUBLIC OUTLB

PROC

PUSH
MOV

gp ;5aves framepointer on stack

8p,SP
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LES
MOV
LES
MOV
ouT

pPOP
RET
OUTLB  ENODP
END

; assembly function to output a character string to the current text

; cursor position.

BX,DWORD PTR{BP+10)
DX, ES: [BX)

8X, DWORD PTR[BP+6]
AL,ES: [BX)

0X, AL

8p ; Restore the framepointer

8

; called as a FORTRAN subroutine "psteng(c)”

; character c*(up to 80)

.model large

.code

PUBLIC pstrng

gstrng PROC
PUSH
MOV

les
mov
push
mov
mov
mov
int

pop

PoP
RET
pstrng ENDP

8p
gp,sp

8X,DWORD PTR [BP+6]
DX, BX

0S

AX, ES

0S, AX

AH,9.

21H

0s

8P

String must be terminated with a *$" character
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END
hcl.obj: hel.tor
f1 /c hcl.for

hclscrn.obj: hclsern.for

£1 /c helisern.for

crt cls.obj:  crt_cls.asm

masm crt cls;

crt_home.obj:  cri _hume.asm

masm crt_home;

pstring.obj: pstring.asm

masm pstring;

gettime.obj:  gettime.for

f1 /c gettime.for

gtime.obj: gtime.asm

masm gtime;

twait.obj: twait.for

t1 /c twait.for

rdparm.obj: rdparm.for

f1 /c rdparm.for

stpcir.obj: stpclr.for

t1 /¢ stpelr.for

setad.obj: setad.for

f1 /c setad.for

rdataod.obj: rdatod.for
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f1 /c rdatod.for

sr8if0.0bj: sr8600.for
f1 /c sr9600.for

atodfile.1ib: stpclr.obj setad.ob] rdatod.obj sr9600.0b)
1ib atodfile -+stpclr.ob] -+setad.obj -+rdatod.ob) -+sr8600.0bj;

sorter.obj: sorter.for

f1 /c sorter.for

analll.obj: analdl.for
f1 /c analll.for

wait.obj: wait.for

f1 /c wait.for

pitgr.obj: pltgr.c
qcl /c /AL /0d /FPi87 pltgr.c

pltpts.obj: pltpts.c
qc) /c /AL /0d /FPi8T pltpts.c

rscreen.obj: rscreen.c

qcl /e /AL /0d /FPi87 rscreen.c

keyhit.obj: keyhit.c
qc) /c /AL /0d /FPiB7 keyhit.c

ctiles.lib: pltgr.obj pitpts.obj rscreen.obj keyhit,obj
1ib cfiles -+pltgr.obj -+pitpts.obj -+rscreen.obj -+keyhit.obj;

inplb.obj: inplb.asm

masm inplb;
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outlb.obj: out’b.asm

masm outlb;

afiles.lib: crt cls.obj crt_home.obj pstring.obj gtime.cbj inplb.obj outlb.obj

1ib afiles -+crt _cls.obj -+crt_home.obj -+pstring.obj -+gtime -+inplb.obj -+out1b.obj;

ffiles.lib: hclscrn.obj twait.obj gettime.ob] rdparm.obj sorter.obj analll.chj wait.obj

1ib ffiles -+hclscrn -+twait -+gettime -+rdparm -tsorter -+analll -+wait;

hel.exe: hcl.obj
1ink /NOE hc],,,ffi1es+atodfi]e+afi1es¢cf11es+c:quickc1ib]11bc7.1ib;
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APPENDIX C

OPTICAL TRAIN

The optical train of the HCl detector is shown in PFigure C.1. Light
from the HC1 lamp is brought to focus at the center of the rotating matched
filter gas cell using a 50 mm focal length calcium fluoride lens and a
steering mirror. The HC1 lamp is imaged by using a beam stop which limits
the aperture to the center portion of the lamp. This stop is placed at the
focus of the rear window of the lamp, thus,limiting the off-axis rays f{rom
the sidewalls. This beam stop acts as somewhat of an aperture stop for
rays in front of the rear window, but does not limit the light from the
center of the lamp.

Light passing through the gas cell is then directed by a second
steering mirror through a 38am f.l. lens to focus the image of the lamp
into the White cell. The White cell consists of three mirrors, each having
a radius of curvature of 250 mm and arranged in the conventional White cell

geometry. The center of curvature of the two rear mirrors have been

Figure C.1. Schematic of Optical Layout.
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machined to be separated by 3 mm. This separation provides six spots, each
separated by 6 mm on the top portion ot the front mirror before the beam
exits off the edge. These spots, together with the seven spots on the
bottom portion of the front mirror provide a total of 28 passes through the
cell before exiting the other side. Exiting light 1s passed through a
second 38 mm f.l. lens so that the circle of least confusion of the

focussed light is centered on the detector by the final steering mirror.

SYSTEM ALIGNMENT

The system 1is prealigned in the initial assembly. A minimum of
realignment should be necessary, and the primary service should involve
cleaning the windows and mirrors of the White cell. Access to the White
cell is obtained by removing the aerosol heater and dust cover, then
removing the 8-32 socket head cap screws from around the cell cover, and
sliding the cell cover off. The mirrors can be cleaned with methyl alcohol
and a clean cotton swab. However, should a mirror become damaged,
realignment must accompany replacement. Since the entire optical train is
sealed from the atmospheric sampling area, the primary portion requiring
realignment is the White cell mirror assembly, which must be taken out and
resurfaced. Each mirror has been plated with a nickel coating, polished
and then gold overcoated. When these mirrors are severely contaminated,
they should be removed for cleaning and resurfacing.

The White cell field mirrors can be removed as a unit by removing four
6-32 cap screws bolted to the side panels and the two 4-40 flat head
cap-screws from the bottom. The entire assembly can thus be cleaned and
mirrors resurfaced. Each mirror can also be removed individually; however,
much more work would be involved to realign the mirrors, as shims have been
placed for final alignment of the White cell due to machining tolerances on
the brassboard system. These should be saved for reassembly. The front
mirror can be accessed by removing the four 8-32 socket head cap screws
next to this mirror. This removes the entire White cell optical bench.

Three 6-32 screws also hold this mirror in place. Good nominal alignment
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can be achieved by simply rebolting cach subsystem back into their original
positions. However, if the system has been disassembled, realignment can
be achieved as follows:

In order to re-align the optical train, the circulation pump must
first be removed. This gives access to the optical axis of the system.
Since the lamp is transparent, a small HeNe alignment laser is easily
placed in place of the circulation pump to provide a beam of collimated
light through the rear end of the lamp. There are a minimum of adjustments
within the optical train. Placement of the lenses and mirrors have been
machined to nominal positions. Because of machining tolerances 1in the

brassboard instrument; however, some realignment may be necessary when the

White cell ?s removed and replaced. The optical axis of the system is held
at 2.00 inches (50.8 mm) above the optical bench. The laser should,
therefore, provide a light beam at this height that is parallel with the
optical bench. This laser beam should pass through the left hand slot of
the front white cell mirror and fall onto the center of the left rear
mirror. The r.curn from this rear mirror should fall directly under the
inside edge of the right hand slot. The further passes through the White
cell should resemble these shown in Figure C.2. Adjustments of the White
cell consists of putting shims under each of the rear mirrors until the two
rows of return spots are parallel with the optical bench. Slight
adjustments of the rear mirrors can be accomplished by moving these mirrors
within their mounting holes before tightening. This "slop” would be keyed
out of production instruments.

Once the laser beam exits from the right hand side of the White cell,
it should strike the center of the collection lens and be focused onto the
detector. Slight misalignments due to non-exact placement of the White
cell mirrors may be compensated for by adjusting the steering mirror.

Cross adjustments, however, are best made by alignment of the White cell.
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Figure C.2. Schematic of Light Spot Locations on White Cell.
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APPENDIX D
ELECTRONIC DESIGN FOR THE HC1l LCKITOR

The electronic circuits for opcrating the HC1 monitor are physically

located in three places:

) within the optical module
[ within the power supply module

. inside the portable personal computer

The circuits are oriefly described in the following.

A. OPTICAL MODULE ELECTRONICS

Figure D.1 shows the circuits used to amplify and buffer the dctector
signal, to control the detector refrigeration temperature, to regulate the
chopper wheel motor speed, and to regulate the HC1 lamp temperature. The
acrosol heater operates directly from a 5-volt regulated power supply and
does not need control circuitry. 1t draws a current of about 5 amperes.

All the circuits in the optical module were mounted on a printed
circuit board which was soldered to the detector as an integral unit. The

power supply and signal paths are provided by an 18-pin military connector.

1. Detector Amplifier and Buffers

The lecad selenide detector operates as a photo-conductive device
(Rp) with a resistance of 3M ohm. To obtain maximum signal from the
detector. the load resistor R, is chosen to match this impedance. The
signal is AC coupled to a buffer Ula and then amplified by 100 by Ulb,
and buffered again by U2a. The output of U2a is used to drive the

motor controliler and the outg.ut driver circuit.
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Figure D.1.

Circuit Diagram for the Optical Module Electronics.
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The output driver (U2c, U2d and Q,) amplifies the signal by 2 and
adds to it a positive offset. The latter is necessary to keep the
output transistor Q, from cut-off. The offset adjustment is done by
trimming R10 so that the base line of the output signal is above
cut-off (~0.2v above ground). The present circuit can drive 1000 ft

of RG-58-u cable with a 50 ohm termination with 1little signal

degradation.

2. Detector Refrigerator Controller

The lead selenide detector is cooled internally by a
thermo-electric device. The temperature of the detector is provided
by an internal thermister, the calibration curve of which is shown in
Figure D.2. To maintain a constant temperature, the current to the
thermo-electric cooler Re is regulated by a negative feedback
amplifier composing of U2b and Q;. The feedback maintains the
thermister resistance at 10K which corresponds to a temperature of
-269cC. The circuit has been tested satisfactorily over an

environmental temperature range of 20 to 70°C.

3. Motor Speed Controller

The detector signal from buffer U2a is filtered by R30 anu C13
and AC coupled into the frequency to voltage converter U3. The
converted voltage is compared with a reference voltage set by R19, and
the difference signal is used in a feedback loop to maintain the motor
speed. Different motor speeds may be obtained by adjustment of R19.

The normal speed is set at ~1900 rpm.
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4. The HCl Lamp Temperature Controller

The temperature of the HCl1 lamp is measured by a Type K
thermocouple located at about the middle of the lamp. The
thermocouple voltage is amplified by U4 (which also provides an
ice--point internal reference). This voltage is compared with a preset
value set by R29. The difference is used to drive the feedback

amplifier USa and Q4 to provide the necessary lamp current for stable

temperature operation. The temperature to voltage transter function

tfor U4 is given in the following table.

T(C) V(Volts)

500 5.107

600 6.101

700 7.206 (source: Analog
800 8.232 Devices Data Book)
900 9.233

A typical lamp temperature history is shown in Figure D.3. The

heat up process started at A. (The lamp was slightly hotter than room

temperature because it had not cooled down compietely from a previous

test.) The heat up time (to B) was about 3 1/2 minutes with a slight

temperature overshoot at B. At C, the temperature

set point was

readjusted (by adjustment of R24), and the lamp temperature increased

to D. The temperature remained constant for the rest of the test

period.

B. POWER SUPPLY MODULE

The power supply module houses five regulated power supplies (sce

Figure D.4). The 100-volt low current supplv for the

detector was

regulated by a zener diode. The other four supplies were commercial! units.

The 25-volt supply was a 28-volt commercial unit adjusted down *o 25 volt.

The AC line current was about 2 amperes.
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Figure D.3. HCl Lamp Temperature History.
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C. COMPUTER MODULE

The computer module consists of a Compaq portable PC-XT compatible
personal computer. The analog to digital conversion is performed by a
Data-Translation DT 2812 board. The signal from the HC1 monitor is
buffered by the circuit shown in Figure D.5. Also shown on the figure is
the circuit which derives a clock signal from the analog signal to strobe
in the data.

Referring to Figure D.5, the analog signal is filtered by R102 and
C102, buffered by U101b, and is then fed to the analog input of the A to D
converter. The clock signal is derived from the analog signal using a
Schmidt trigger (U101c), the output of which is inverted by Q101 and
connected to the monostable multivibrators U102 and U103. The time delay
of the trigger signals (which can be measured at pin 5 of U102b and U103b)
from the trailing edge of the signal (at the inputs (pin 1) of Uil02a and
U103a) are set by R109 and R112 respectively. The timing diagram is shown
at the bottom of Figure D.5. The trigger signals are combined by a NOR
gate (U104) and inverted by Q102 to provide the strobe signal for the A to
D conversion.

The +12-, -12-, and +5-volt power supplies for the above circuit were

obtained from the bus connector of the computer.

D. ADJUSTMENTS

The adjustments within the optical module are:

. L.amp temperature adjustment R29.
. Motor speed adjustment R19.
. Signal offset adjustment R11.

The locations of these adjustment trim pots are shown in Figure D.6. The
adjustments within the computer module are:

] Time delay adjustment for the signal strobe R109.

o Time delay adjustment for the baseline strobe R112.

The location of these adjustment trim pots are shown in Figure D.7.
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Figure D.5. Signal Buffer and Strobe Generator Within the Computer Module.
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Figure D.6. Adjustments on PC Board within the Optical Module.
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FPigure D.7. Adjustments on PC Board Within the Computer Nodule.
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